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MOLECULAR STRUCTURE OF LIGNOSULFONATES
MECHANICAL AND ADHESIONAL BEHAVIOR
SUMMARY
This is Progress Report Thirteen of Project 2421 entitled "Investigation
of the Relationship Between Lignin Structure and its Mechanical and Adhesional
Behavior." The focus of the work is primarily on plywood applications, and it has
been shown that the surface tension and viscomechanical properties of lignosulfonates
are similar to good phenol-formaldehyde adhesives indicating that they have good
potential. A major weakness of lignosulfonate adhesive is low cohesive strength,
which can be overcome by increasing chemical cross-linking as measured by the amount
of water insolubility achieved. The work herein reported describes the effect of
concentration, temperature and time on the insolubility achieved in the lignosul-
fonic acid - Catalin system, the most successful lignosulfonate plywood adhesive
to date, with the objective of optimizing the reaction.
The parameter variations were as follows: lignosulfonic acid concentra-
tion (15-45%), Catalin concentration (0-50% with respect to lignosulfonate), temper-
ature (275-345°F.), and time (3-6 min.). The selected adhesive was added to a
glass fiber mat, pressed to 28 p.s.i., cured under the prescribed conditions, and
extracted with boiling water for three hours, as described in previous work.
The most important parameters to achieve water insolubility are ligno-
sulfonate concentration and temperature, followed by Catalin concentration, and
finally press time. About 60% water insolubility is achieved under conditions
equivalent to the currently formulated adhesive (27% ELSA, 40% Catalin, 300°F., and
4 min.). This can be increased to 90-95% insolubility by increasing ELSA concen-
tration and temperature, or temperature and time. In general, the higher the ELSA
Page 2 Environmental Research Group
Report Thirteen Project 2421
concentration the lower the Catalin concentration required to achieve a given
water insolubility for a given temperature and time. An insolubility of 80%
was achieved with only 5% Catalin at 45% ELSA, 345°F. and 5 min. This is a
most significant lead in adhesive formulation, since Catalin is the most expensive
component of the system.
Catalin systems with calcium or ammonium-base spent sulfite liquors,
acidified to the same pH as the electrodialyzed material, gave insolubility reactions
equivalent to the Catalin-ELSA system. The low pH is the significant property of
ELSA and not the electrodialysis per se.
The next stage in the experimental program is to test adhesive formula-
tions and conditions selected from above for plywood bonding behavior. Insolu-
bilities will also be determined for cross-linking reactions of lignosulfonate and
formaldehyde sources with and without added phenolics at low pH, and of lignosul-
fonate and diepoxides at high pH. The most promising combinations will be tested
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EXPERIMENTAL
PREPARATION OF CURED ADHESIVES
The cured adhesives were prepared as previously described (2). Five
glass fiber filter pads (5.5 cm. in diameter), previously conditioned and weighed,
were saturated with the lignosulfonate preparation, placed on silicon-treated
aluminum foil, and put in the heated press as described in Progress Report Eleven
(3) at 28 p.s.i. for the prescribed temperature and time. After conditioning the
disks again to 73°F. and 50% R.H., one of them was removed, weighed and placed in
the cotton bag for the boil test. After the bag was tied shut, the free strings
were cut off to avoid subsequent entanglement.
WATER SOLUBILITY OF THE CURED ADHESIVES
The cured adhesive disks in the bags were subjected to boiling water
extraction for three hours in a steam heated round-bottom flask with overflow as
previously described (2). At the end of the boil period, the bags were removed
from the flask and allowed to dry at 73°F. and 50% R.H. at least overnight. All
of the remaining pieces of disk were carefully removed and weighed. If more drying
time was needed, the pieces were allowed to dry to a constant weight.
The percentage of adhesive insolubility was calculated from the weights
of the disk without adhesive, before boil and after boil.
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RESULTS AND DISCUSSION
ELECTRODIALYZED LIGNOSULFONIC ACID - CATALIN ADHESIVE
A quantity of electrodialyzed ammonium base lignosulfonate (R-1 70-56
2985 No. 7) was prepared for the Finnish Bark Board Association and for use in
these studies. A sample of this was used to make a batch of formulated adhesive
and a set of ten Southern pine plywood panels was made and tested as previously
described (4) (see Appendix I). The average bond strength in shear was 212 + 20
lb./sq.in. and the failure was 50-90% in the wood. This agrees reasonably well
with other ELSA samples tested and this material is considered to be typical of
electrodialyzed lignosulfonates.
Using glass fiber, adhesive-impregnated disks, as previously described
(3), the variables ELSA concentration (15-45%), Catalin (CR-9357, Ashland Chemical
Company, Chicago, Ill.) concentration (0-50% with respect to the ELSA solids),
platen temperature (275-345°F.), and press time (3-6 min.), were studied using
boiling water insolubility as the measured property. The pressing force was
held constant at 28 p.s.i. and even at this low pressure many of the disks spread
or separated but they still remained identifiable. The results are listed in
Table I and the primary data are given in Appendix II. (To prepare the 45%
ELSA, the original 42% ELSA was first freeze dried then redissolved.) The "negative"
insolubilities result because of the loss of glass fibers from the mat when an
adhesive with low insolubility is extracted. For every adhesive studied the first
condition (275°F., 4 min.) was repeated at the end of each temperature-time series
to check the extent of adhesive change which might have occurred during this time
(about two hours). There is no significant change evident. A graphical presenta-
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boiling water insolubility as functions of ELSA concentration and of Catalin
concentration for the specified curing condition of temperature and time. Contours
of 50, 60, 70, 80, and 90% insolubility are drawn.
The formulated adhesive as currently used is 27% ELSA and 40% Catalin
cured at 300°F. for 4 min. This achieves about 60% insolubility according to the
above results. It is interesting to note that this essentially agrees with the
previously (2) measured insolubility of the formulated adhesive. The insolubility
of this adhesive, including the wood meal component, was 89%, which is equivalent
to 56% insolubility for the ELSA and Catalin solids assuming that only the ELSA
component contributes to the water solubility. If the functional relationship
between insolubility and adhesive bond strength previously observed (2) is of
general validity for the lignosulfonates, it is then reasoned that the 60% insol-
ubility of these ELSA - Catalin systems represents a threshold of acceptability for
plywood adhesive and the higher values may represent improvement.
The variable of major importance is seen to be the concentration of ELSA.
As this concentration is increased from 30 to 45% the minimum amount of Catalin
needed decreases from about 30% to something less than 5%. This concentration
behavior is probably effective by causing a change in the temperature-time history,
the higher the concentration the faster is the rise in temperature, as every adhesive
eventually achieves a state of "dryness" during the curing time. The reduction
of the Catalin ratio may be an important economic factor. This reduction is
also fortunate as the viscosity remains reasonable with increasing ELSA when
the Catalin is reduced simultaneously. When the Catalin concentration is expressed
as an absolute concentration based on the quantity of water present, the functional
behavior is similar to those presented but the contours are much more compressed
with respect to each other and, thus, no additional insight is evident.
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ADHESIVE QUALITY WITH ACIDIFIED CaSSL AND NH4SSL
At the request of the Finnish Bark Board Association, a calcium base
spent sulfite liquor (CaSSL) was treated with H2 S04 to precipitate some CaSO4
and lower the pH to 0.2. A sample of this was tested for its water insolubilization
reaction with Catalin. The concentration of CaSSL and of Catalin selected for
this test (30 and 40%, respectively) approximate those in the current adhesive
formulation and duplicate conditions with the ELSA sample above. In addition,
another batch of ammonium-base spent sulfite liquor was electrodialyzed and
a sample of this was likewise tested. The results are listed in Table II.
As seen from these data, the insolubility developed with the CaSSL
sample was equal to, or greater than, that developed with the first ELSA sample
over the curing temperature and times tested. Based on the insolubility-plywood
bonding strength relationship and on the good plywood adhesive bond formed with
this ELSA in the formulation, the CaSSL sample should give as good bonding results
as the ELSA. This finding is encouraging, since a previous (2) trial involving
50% glyoxal with Toranil B-pH-reduced-with-H2SO4 and with Toranil free acid indicated
the salt was not as reactive at the same low pH (% 0.5) as the free acid, although
in this case even the free acid is not too reactive with glyoxal (a "negative"
insolubility). However, with 40% Catalin the Toranil free acid resulted in
77% insolubility. Perhaps the glyoxal reaction was not a fair evaluation.
To see if an ammonium-base SSL will also be reasonably reactive under
the same pH, Catalin, and cure conditions, the NH4SSL sample used in the electro-
dialysis was made to pH = 0.3 by the addition of sulfuric acid. A sample of this
was formulated and cured as above (40% SSL solids, 40% Catalin, 275-345°F., 4-6
min.). The results are listed in Table II. The insolubilities achieved are
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equivalent to those of the ELSA and of the CaSSL. It appears that pH is the
important parameter for this insolubility reaction and not electrodialysis per se.
It is expected, thus, that SSL can be used in plywood adhesives formulated with
Catalin by merely reducing the pH to less than 1.0.
TABLE II
WATER INSOLUBILITY (WT.%) OF THE LIGNOSULFONATE - 40% CATALIN
ADHESIVE USING DIFFERENT LIGNOSULFONATES ACIDIFIED TO pH OF 0.2
30%
Temp., Time, 30% ELSA 30% 40% 40%
°F. min. ELSA (New Batch) CaSSL ELSA NH SSL
275 3 44 57 52 -- b
4 58 59 63 ( 7 0 )b 80
5 59 66 70 -- --
6 54 65 72 (70) 79
300 3 60 70 69 -- --
4 64 73 73 . __
5 71 84 82 __
6 77 86 75 -- --
325 3 79 68 78 -- _
4 80 85 77 --
5 78 89 87 . __
6 83 90 89 -- --
345 3 81 75 78 -- --
4 87 89 79 (90) 92
5 84 90 91 -- --
6 90 94 90 (92) 93
275 3 36 61 28 -- --
pH -- 0.62 0.80 - 0.20
aThickened in two hours at room temperature.
bParentheses indicated these values were estimated using the plots given in
Fig. 1.
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CONCLUSIONS
The water insolubility of cured lignosulfonic acid with Catalin in-
creases with increasing concentration of lignosulfonate, with increasing tempera-
ture, and to some extent with increasing reaction time. The quantity of Catalin
relative to the lignosulfonate to achieve a given insolubility may be reduced
significantly by increasing the lignosulfonate concentration.
Essentially equal degrees of insolubility may be achieved under
identical conditions of reaction with Catalin, whether the spent sulfite liquor
is electrodialyzed or is reduced to the same pH as electrodialysis by the addition
of acid.
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FUTURE WORK
The knowledge of insolubility reaction must now be applied to plywood
bonding. Adhesives will be formulated based on this knowledge and will be
tested in Southern pine plywood layups. The effects of lignosulfonate concen-
tration, Catalin concentration, temperature, and time will be examined and a
comparison will be made with the insolubility data.
The reaction of lignosulfonates with other potential cross-linking
agents will be examined by the insolubility produced. These reactions may be
useful in replacing the Catalin reaction or in raising the pH of the reacting
system. At low pH these will be trioxane (a potential formaldehyde source.),
trioxane with resorcinol and phloroglucinol, and paraldehyde (a formaldehyde
source). At high pH reactions involving the diepoxides, 1,2,3,4-diepoxy butane,
1,2,7,8-diepoxy octane, and Epon 812 (Shell Chemical Company).
The most promising above combinations will be employed in making particle
board and in binding sand, a difficult component in road aggregate.
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PLYWOOD BONDING EFFECTIVENESS OF ELSA
The effectiveness of a freshly prepared batch of ELSA, coded R-1
56 2985 No. 7, when incorporated in an adhesive formulation was determined.
formulation was prepared, and layups were prepared and tested as described
pages 15 to 20 in Report Nine, Project 2421. The Brookfield viscosity at
was 450 cps. and the pH was 0.32.
The Southern pine veneer used in the layups was aged a minimum of two
after sanding. The bonding strength data of the test strips as determined
Amsler tester are given in Table III.
PLYWOOD
Layup Layup














Layup Layup Layup Layup
No. 5 No. 6 No. 7 No. 8
168 148 189 197
171 124 198 249
252 298 207 212
182 258 240 181
117 178 195 238
116 228 224 188
257 183 242 186
247 245 270 203
358 213 276 219
163 173 228 249
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APPENDIX II
BASIC DATA FOR THE ADHESIVE WATER INSOLUBILITY
The weight of the cured adhesive in the disk prior to the boiling water
extraction is given in Table IV.
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